INTRODUCTION
moved southward, and was not associated with the cyclone development in Louisiana. That portion of the cold front south of 35" N. began slowing down. A strong ridge from a Canadian High extended south-southeastward into northern Texas. South of the front, a tongue of warm, moist tropical maritime air invaded the Gulf Coast States. By the time the first closed isobar was noted ( fig. 2 ) rain had begun to fall from east Texas to lower Michigan. Figure 3 shows the 850-mb. chart for 0300 QMT January 9. Vigorous cold advection took place from the Canadian The Gulf States area (including the northern Gulf of Mexico) is a dependable source region for January storms.
[n this month there is an average of almost five cases of cyclogenesis, according to Visscher [l], compared with two per month in November and one per month in April.
These storms usually have a pronounced effect on the comfort and commerce of perhaps one-third of the popuktion of the United States. For that reason alone the birth and growth of Gulf area cyclones is of primary interest and a fundamental problem for speculation and inquiry.
Most east coast winter Lows originate as unstable waves either in the Gulf of Mexico area or near the Atlantic coast,. Miller [2] classified such storms on the basis of their genesis strictly in the Atlantic coastal region-some over land, others over or near the Gulf Stream. It seems probable that both types must occasionally result from Gulf-bred storms whose behavior is similar to tbat which George [3] calls "center jumps". Elliott 141, in his discussion of weather types, described type G (cyclogenesis in the Gulf). This type is subdivided into types Ga and Gb, both of which originate in the Gulf area and may eventually mature to east coast storms of major proportions. In his study of Texas-West Gulf cyclones, Saucier [5] suggested two synoptic patterns, the Great Plains trough and the Southwest cold-core Low, from wbich such cyclones form.
In January 1954 there were three instances of cyclogenesis in the Gulf States area in a period of less than 2 weeks. All three were responsible for widespread precipitation including rain, snowstorms or sleet, and attendant public inconvenience. From that standpoint alone each of those three Lows is worthy of comment.
In this study, however, most attention will be given to antecedent synoptic patterns in the lower and midtroposphere and those features associated with cyclogenesis.
PI~;UBE l.-Surface chart for 0630 GMT and 50o-mb. contours in hundreds of feet (dashed) for 0300 GMT, January 9, 1954. Shading indicates areas of active precipitation.
CYCLOGENESIS ON JANUARY 10, 1954 The storm of January 10 (hereafter referred to as Storm I) was first detected at 0630 OMT on that date just south of Shreveport, La. (fig. 2) seemed to contribute littlc to the developmcnt except moderate, but widespread, warm advection.
By 1500 GMT, January 15 ( fig. 9 ) a weak trough associated with the cold front had moved eastward from the Texas Panhandle. Advection of cold air was then quite apparent from Canada to central Nebraska, but was too far removed from the cyclogenetic area to have contributed much as a source of potential energy.
The 500-mb. chart for 1500 GUT, January 14 (fig. 6) shows a cold Low over the Gulf of California. The trough lying northeastward from the cold Low to Canada appeared to be strong enough and imbedded in such a flow that it would progress eastward. But, the chart 24 hours later ( fig. 7) shows that the northern portion of the trough disappeared in the strong westerly flow; the southern poorly
The most significant difference in the 500-mb. patterns for Storms I and I1 was the absence in the second one of any nearby pronounced cold air advection before or a t the time of cyclogenesis. Warm advection predominated in the area south of 40" N . The warming of the minor trough destroyed, its thermal contrast.
In spite of its sbort life and obvious weakness, Storm I1 was responsible for considerable precipitation, most of which fell as rain. Floods in northern Alabama [6] resulted from heavy rains on January 16. In general, snow and sleet were coafined to New York and New EnglaDd. The Low deepened during the 24 hours following its development ( fig. lo) There was a cold injection over western Kansas. ID view of the light winds at this level, advection may appear weak a t first in spite of the strong isotherm ribbon. But winds below the 850-mb. level and nearer the gradient level over the isotherm ribbon averaged at least 20 knots. There was some warm air being advected east of the cold front as shown in figure 13 , but it appears considerably less intense than the cold advection.
In another 24 hours (fig. 14) a closed circulation formed over northwestern Arkansas as the cold air drove southward to the Rio Grande. The pattern a t 500-mb. the day before cyclogenesis is shown in figure 11 . A cold liow was centered over sout,hern California with a trough extending southward beyond 25' N . A jet stream in excess of 80 knots circled the southern half of the Low, then continued northeastward through western Texas, then across count,ry to Pennsylvania.
By 1500 GMT, January 21 (fig. 12 ) the 500-mb. Low had filled about 400 feet as it moved to southwest,ern Kansas. But the trough and Low center contined to move eastward with a resulting fall in 500-mb. height and surface pressure.
The jet stream was oriented northeastward from northern Mexico across the Atlantic coast near Delaware. An isotach maximum of about 80 knots lay from central Texas to Tennessee. Subsequent to the formation of Storm I11 ( fig. 15) heavy snow fell northward from the Low to New Jersey. Beaviest amounts were observed in eastern Maryland [6] where totals rapged as high as 10 to 12 inches. The 500-mb. trough meanwhile had maintained its sharpness and eastward movement of about 30 knots. tion of higher levels doubtless has a considerable effect on the formation of cyclones as shown by Wulf and Obloy [7] , Alaka, Jordan, and Renard 181, and others. But for forecasting winter cyclogenesis in the Gulf States area many fe,el that a detailed study of the middle and lower levels in the troposphere is probably an adequate approach to the problem if the forecasters' tlme does not also permit a thorough study of the upper troposphere and stratosphere. By now the reader will have catalogued certain similarities and diflerences in the three storms presented above.
SUMMARY OF SYNOPTIC CONDITIONS
In summary, then, the followicg statements should be emphasized :
1. A 500-mb. cold Low or trough was located over the southwestern United States a t least 24 hours before cyclogenesis.
The cold troughs moved eastward and were partislly responsible for surface pressure falls (except in Storm 11). Storms I and I1 were similar to Saucier's [5] cold-core cyclone formation.
2. An adequate supply of warm, moist, maritime tropical air was present before and at the time of storm formation. In the case of Storm I11 a forecast development of intensity 6 in central Georgia compared favorably with the actual center of int,ensity 9 in central Louisiana.
The cold front in

1,000-500-MB. THICKNESS PATTERNS
The departure from normal of the 1,000-500-mb. thickness prior to the development of these storms was studied. A similarity of pattern was evident in all three cases. The greater than normal source of potential energy was delineated by the gradient and geographical location of the centers of plus and minus departures. In Storms I and I11 the gradient was largest northwest of the cyclogenetic areas; in Storm I1 the greatest gradient was to the south-
Westf.
There are ot,her ways in which thickness can be used effectively as an aid in forecasting cyclogenesis as proposed by Sutcliffe and Forsdyke [ll] . A visual and subject'ive evaluation of vorticity can be made. If cyclonically curved thickness contours lie upstream from a region of suspected cyclogenesis, one could conclude that cyclonic development is more probable in view of the potential increase in cyclonic thermd vorticity. In the three cases studied here there was an increase in cyclonic curvature of the thickness contours (not, reproduced) over the regions of Low formation which could have been projected downstream without apparent difficulty. It was felt that perhaps thickness mean flow charts would have been useful in forecasting the areas of thermal vorticity. Such charts were constructed, but their usefulness was not readily apparent. Linear extrapolation proved of most value.
Another tool can be derived from a consideration of the 1,000-500-mb. thickness patterns. A subjective determination of the greatest possible deepening in an area of likely cyclogenesis can be made by answering the question: What mould be the lowest 500-mb. contour and the highest 1,000-500-mb. thickness contour in the suspected area in 24 or 36 hours? In short, a "reasonable" forecast of both thickness and 500-mb. values would result in a reasonable (and consistent) surface prognosis.
